SUMMARY Background
The relationship of 5-aminosalicylates' use with the risk of colorectal neoplasia in patients with inflammatory bowel disease (IBD) has been the focus of a growing body of research.
Aim
To investigate this association through an updated meta-analysis of observational studies.
Methods
PubMed, Scopus and major conference proceedings were searched up to December 2016. The identified studies were evaluated for publication bias and heterogeneity. Pooled relative risk (RR) estimates were calculated using random-effect models. Detailed subgroup analyses were performed. The GRADE approach was used to assess the quality of evidence.
Results
Thirty-one independent observational studies including 2137 cases of colorectal neoplasia (of which 76% were cancers) were incorporated. Between-study heterogeneity was moderate, while strong suspicion of small-study effects was raised. The overall analysis revealed a protective association between 5-aminosalicylates' use and colorectal neoplasia (RR = 0.57, 95% CI: 0. 45-0.71) . When the analysis was stratified according to study design and setting, the association was significant in cohort (RR = 0.65, 95% CI: 0.43-0.99; n = 10) and case-control studies (RR = 0.53, 95% CI: 0.40-0.70; n = 21), population-based (RR = 0.70, 95% CI: 0.52-0.94; n = 12) and hospital-based studies (RR = 0.46, 95% CI: 0.34-0.61; n = 19). Exposure to 5-aminosalicylates was protective against cancer (RR = 0.58, 95% CI: 0.45-0.74) and dysplasia (RR = 0.54, 95% CI: 0.35-0.84). The reduction in colorectal neoplasia risk was strong in ulcerative colitis (RR = 0.50, 95% CI: 0.38-0.64), but nonsignificant in Crohn's disease (RR = 0.76, 95% CI: 0.43-1.33). Mesalazine (mesalamine) use was protective (RR = 0.70, 95% CI: 0.51-0.94) with evidence of a dose-effect. The effect of sulfasalazine was marginally nonsignificant (RR = 0.72, 95% CI: 0.51-1.01).
INTRODUCTION
Patients with long-standing inflammatory bowel disease (IBD) -either ulcerative colitis (UC) or Crohn's disease (CD) -have an increased risk of developing colorectal cancer (CRC) due to chronic inflammation and other mechanisms promoting the neoplastic transformation of colonic mucosa. 1 As a result, CRC accounts for approximately 15% of all deaths in IBD patients. 2 Current CRC prevention strategies rely on active surveillance: performance of colonoscopy at regular intervals, detection of pre-cancerous dysplastic lesions on mucosal biopsies, and endoscopic removal or proctocolectomy, when dysplasia is detected. [3] [4] [5] [6] However, strategies based on colonoscopy have certain limitations: precursor dysplastic lesions may be difficult to detect, and transformation from dysplasia to cancer may be rapid. Accordingly, the research on chemoprevention of CRC has received considerable attention, and 5-aminosalicylic acid (5-ASA) has been identified as a potential chemopreventive agent. 5-ASA has demonstrated antineoplastic properties in preclinical studies, 7 and a protective effect against CRC in early clinical studies of patients with IBD. 8 The relationship between 5-ASA and colorectal neoplasia (i.e, cancer or dysplasia; CRN) has been the focus of a growing body of epidemiological research, with often conflicting results ranging from very protective to harmful. Similarly, the results from recent meta-analyses on the subject have been inconsistent. [9] [10] [11] Thus, the effect of 5-ASA use on CRN risk in IBD patients remains to be determined. To address this issue, we sought to perform an updated systematic review and meta-analysis to reflect the current totality of evidence on the subject. 
METHODS

Selection criteria
Prospective or retrospective epidemiological studies (case-control or cohort) evaluating any exposure to 5-aminosalicylates and risk of colorectal neoplasia in patients with IBD were eligible for inclusion. We considered all articles irrespective of publication type; we did not exclude articles published as short reports or conference abstracts, even though critical appraisal of such publications is limited. Studies were included if they investigated patients with IBD; evaluated 5-ASA use as a risk factor for colorectal neoplasia (cancer and/or dysplasia); and reported (or provided sufficient data to determine) an effect estimate and a confidence interval. Studies conducted in populations with IBD and primary sclerosing cholangitis were excluded. In the case of multiple studies involving the same population, data from the most recent or most comprehensive one (higher number of cases/complete information) were included. Finally, studies reporting different effect measures (risk ratio, odds ratio, hazard ratio) were incorporated. In practice, these measures of effect yield similar estimates of relative risk, because the absolute risk of colorectal neoplasia is low. 16 Data extraction and quality assessment Two authors (SB, GN) independently abstracted the following information from each study in a form: citation data, first author's last name, time period of study and geographical setting; study design; setting (population-or hospital-based); number of participants; population characteristics (age, sex); underlying condition (UC, CD); exposure definition (medication type, dose and frequency of use); outcomes reported (colorectal cancer and/or dysplasia); estimated measures of effect with 95% CIs; and control for confounding factors by matching or adjustments. In studies where more than one effect estimate was reported, we extracted the "most adjusted" estimate, i.e. the estimate controlled for the largest number of potential confounders. When relative risk was reported separately for different types of medication, doses or durations of exposure, we calculated the study's combined effect estimate before inclusion in the overall meta-analysis. Any differences in data extraction were settled by consensus, referring back to the original article.
We assessed the potential risk of bias in included studies using the Newcastle-Ottawa scale, 17 which addresses the following three domains: selection of the study groups; comparability of the groups; and ascertainment of either the exposure or outcome of interest for case-control or cohort studies, respectively. Studies could get a total of four stars for selection, 2 two for comparability, and three 3 for assessment of the outcome or exposure for a total of nine stars per study. Studies scoring six stars or higher were considered as of low risk of bias (i.e, high quality). Discrepancies among reviewers were discussed and agreement was reached by consensus.
Quantitative data synthesis
Pooled effect estimates and 95% CIs were calculated under the assumption of a random-effect model (DerSimonian-Laird approach). 18 Publication bias was assessed using the Begg's test 19 and the Egger's test, 20 as well as the funnel plot. To examine whether the results of the studies were homogeneous, we employed the Cochran's Q test, 21 with a 0.10 level of significance. We also calculated the I-squared statistic, 22 which quantifies the proportion of total variation across studies that is due to heterogeneity rather than chance; we used cut-offs of <30%, 30-59%, 60-75% and >75% to suggest low, moderate, substantial and considerable heterogeneity respectively. 23 To examine the stability of results and explore heterogeneity, the studies were grouped on the basis of study design (cohort vs. case-control), study setting (population-based or geographically representative registries or databases vs. hospital-based studies that included populations from IBD referral clinics or surveillance centres), quality score, control for confounding, publication type, underlying condition, medication and dose, and outcome studied (dysplasia, cancer) and separate analyses were conducted. Pooled effect estimates derived from subgroup analyses were compared with tests of interaction. 24 We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to assess the quality of evidence. 25 GRADE assessment begins with the study design (observational studies start as low-quality evidence) and then addresses five reasons to possibly rate down the quality of evidence (risk of bias, imprecision, indirectness, inconsistency, publication bias) and three to possibly rate up the quality (large magnitude of effect, dose-response gradient, and effect of plausible residual confounding). It results in an assessment of the quality of a body of evidence in one of four grades: high, moderate, low or very low. For statistical analysis, we used the R software, 26 version 3.3.2, and the "meta" package for R, 27 version 4.6-0. All Pvalues are two-tailed. For all tests (except for heterogeneity), a P < 0.05 indicates statistical significance.
RESULTS
Search results
After duplicates' removal, the database search yielded 2302 literature citations ( Figure 1 , flow chart). Records clearly not eligible or irrelevant to the topic were excluded. We retrieved 74 publications for detailed evaluation. The full text was read and the reference lists were carefully investigated. Finally, we identified and included 31 independent studies, which met the predefined eligibility criteria; 28-58 three of them had been published solely as conference abstracts. [56] [57] [58] Five additional studies were excluded due to the rule for multiple publications involving the same population. [59] [60] [61] [62] [63] The full list of excluded studies, with reasons for exclusion, is given in the Appendix S1. There was full agreement between reviewers regarding study selection. Thirty-one studies selected for inclusion analysed exposure to 5-ASA and risk of developing CRN, and reported (or provided sufficient data to determine) an effect estimate and a confidence interval. Among them, 10 were cohort studies, 29, 31, 35, 39, 40, 44, 51, 53, 54, 57 and the remaining 21 were case-control studies. The number of CRN cases ranged between 4 and 364 among the studies, for a total of 2137 cases (of which 76% were colorectal cancers), while the mean age of patients ranged between 40 and 75 years. Fourteen of 31 studies also included patients with dysplasia. The vast majority 30, 33, 34, 37, 39, 44, 45, 50, 51, 53, 57 were cases positive for dysplasia. Only one study 36 included six cases indefinite for dysplasia (together with 38 cases positive for dysplasia), while two studies, published as abstracts, 56, 58 did not report details.
Twenty-one studies were controlled for potential confounding factors by matching or adjustments (eight of them at least for age, disease extent and disease duration). The majority of the studies were conducted in Europe (n = 18), but some were carried out in the USA (n = 8), Europe and the USA (n = 1), Canada (n = 1) and Asia (n = 3). Publication dates ranged between 1994 and 2017. A summary of the study characteristics is given in Table 1 .
Risk of bias assessment using the Newcastle-Ottawa scale Twenty-four studies 28-30, 32-36, 38-40, 42-50, 52-55 scored six stars or higher, and were rated as of high quality (Table S1 ). Four studies published as short reports, 37 or conference abstracts, [56] [57] [58] were not assessed for quality, as critical appraisal of such publications is limited.
Results of meta-analyses
Use of 5-aminosalicylates and risk of colorectal neoplasia. Data from 31 studies were synthesised.
Exposure to 5-ASA was significantly associated with a 43% decrease in the risk of developing CRN (RR = 0.57, 95% CI: 0.45-0.71; Figure 2 , forest plot). The P-values for the Begg's and the Egger's test were P = 0.39 and P = 0.01, respectively, posing a strong suspicion of small-study effects; however, inspection of the funnel plot ( Figure S1 ) did not reveal any clearly asymmetrical pattern. In contrast, the Cochran's Q test had a P < 0.001 and the corresponding I-squared was 55%, indicating moderate heterogeneity among the studies (Table 2) . When the analysis was restricted to studies judged to be at low risk of bias (i.e. those scoring ≥6 stars at Newcastle-Ottawa scale; n = 24), 28 and the association became nonsignificant (RR = 0.66, 95% CI: 0.38-1.14; Table 2 ).
Analysis by study design and setting. To examine the consistency of our meta-analytic findings across varying study designs and settings with different potential biases, Figure 2 ). Furthermore, we compared these RR estimates with a test of interaction. Nourani et al. [58] We found no significant difference (cohort vs. case-control studies, P = 0.41).
Similarly, when we analysed by study setting, the inverse association between 5-ASA and CRN risk was significant among population-based, Figure 2 ). However, the pooled estimates were significantly different (populationvs. hospital-based, test of interaction: P = 0.04). It is worth noting that population-based studies are less susceptible to selection biases; indeed, they scored higher at NewcastleOttawa scale (population-vs. hospital-based studies: 8 vs. 7, median values).
Analysis by underlying condition. Twenty-one studies contributed data specific for UC, 28, 30-33, 35-38, 40, 44, 47, 49-55, 57, 58 while only five studies for CD. 28, 35, 43, 48, 49 The reduction in CRN risk associated with 5-ASA use was 50% among UC patients (RR = 0.50, 95% CI: 0.38-0.64), but weaker and nonsignificant among patients with CD (RR = 0.76, 95% CI: 0.43-1.33) ( Table 2) .
Analysis by outcome studied. Twenty-one studies reported data for dysplasia. Exposure to 5-ASA was significantly associated with a protective effect against both outcomes (cancer: RR = 0.58, 95% CI: 0.45-0.74, Figure 3 ; dysplasia: RR = 0.54, 95% CI: 0.35-0.84, Figure 4 ) ( Table 2) .
Analysis by medication and dose. Nine studies 28, 36, 44-46, 49, 50, 52, 53 reported data for the CRN risk in IBD *Studies scoring ≥6 stars at Newcastle-Ottawa scale were rated as low risk of bias (i.e, high-quality). †Studies controlled at least for age, disease extent and duration. ‡Pooled effect estimates are derived from random-effect models.
patients prescribed mesalazine, while 11 studies 28, 36, 45, 46, [49] [50] [51] [52] [53] [54] [55] reported relevant data for patients receiving sulfasalazine treatment. Exposure to mesalazine was significantly associated with a 30% reduction in the risk of neoplasia (RR=0.70, 95% CI: 0.51-0.94; Table 2 ). To determine whether there is a dose-effect associated with mesalazine use, we pooled data from four studies 36, 45, 49, 52 exploring the association in patients receiving mesalazine at doses higher than 1.2 g per day; colonic neoplasia risk reduction was more profound (RR=0.51, 95% CI: 0.29-0.88; I-squared = 39%).
On the other hand, only two studies 49, 52 reported the association in patients receiving mesalazine at doses lower than 1.2 g per day; the pooled effect estimate was not significant (RR=0.23, 95% CI: 0.05-1.09; I-squared = 0%).
In contrast, the sulfasalazine-specific effect on CRN risk was marginally nonsignificant (RR=0.72, 95% CI: 0.51-1.01; Table 2 ). Sulfasalazine was not effective either at doses higher than 2.0 g per day (RR=0.99, 95% CI: 0.66-1.49) or at doses lower than 2.0 g per day (RR=0.87, 95% CI: 0.37-2.05), based on data from four studies, 36, 45, 49, 52 and two studies, 49, 52 respectively.
GRADE ASSESSMENT OF QUALITY OF THE BODY OF EVIDENCE
The overall analysis showed that 5-ASA use is associated with a 43% reduction in the risk of CRN (RR=0.57, 95% CI: 0.45-0.71). Quality of evidence, assessed using the GRADE criteria, is "very low" because the result is relied on observational studies, and presence of small-study Carrat et al. [28] , 2017
Cheddani et al. [29] effects is suspected. On the other hand, the reduction in CRN risk associated with 5-ASA is strong among UC patients (RR = 0.50, 95% CI: 0.38-0.64) and quality of this evidence was considered "moderate" because the data is derived solely from observational studies, but the magnitude of the effect is relatively large. Similarly, the quality of evidence for the mesalazine-specific effect (RR = 0.70, 95% CI: 0.51-0.94) was considered "moderate" because the result is relied on observational studies, but we identified a possible dose-response relation lending support to a causal explanation 64 of the mesalazine-CRN association. Quality assessment of the evidence, and summary of findings, are given in Table S3 .
DISCUSSION
In this updated systematic review and meta-analysis of observational studies, we synthesised the current totality of evidence on the association of 5-ASA use with colorectal neoplasia in IBD patients. Overall, synthesis of 31 independent studies identified a large (on the order of 40-45% risk reduction) protective effect of 5-ASA use, at therapeutic doses, against colorectal neoplasia in patients with IBD. The findings were almost identical for both outcomes (colorectal cancer and dysplasia) and remained strongly significant when the data were analysed by study design, study setting and quality score. Moderate between-study heterogeneity was detected; thus, differences in the underlying treatment effect are likely, due to differences in the populations studied, medications used and study methods. Indeed, inconsistency of results was partly explained in subgroup analyses: (i) the reduction in CRN risk associated with 5-ASA use was 50% among UC patients, but nonsignificant among CD patients; (ii) exposure to mesalazine significantly decreased neoplasia risk, while there was no significant sulfasalazine-specific effect and (iii) the findings were statistically significant in both population-based and clinic-based studies, but much stronger in the latter category (30% vs. 54% risk reduction).
To the best of our knowledge, the current work is the most comprehensive meta-analysis on the topic. As compared to these studies, our meta-analysis uses a much broader evidence base, includes a much larger number of studies (n = 31) and CRN cases (n = 2137), identifies associations not previously shown (protective effect also for dysplasia, significant reduction in CRN risk in population-based studies), and provides updated evidence that can inform patients and clinicians.
Study, publication year Pooled effect estimate Q = 1.02, P = 0.91, I 2 = 0%
Freire et al, [33] , 2014 Nieminen et al, [34] , 2014 Rubin et al, [36] , 2013 Bessissow et al, [37] , 2013 Lindberg et al, [51] Nevertheless, several limitations should be considered in interpreting the results of this meta-analysis: First, though a rigorous and extensive literature search was conducted to retrieve all eligible studies (i.e. PubMed, Scopus, major conference proceedings and relevant review articles were investigated), Embase -that is considered as a standard for many systematic reviews -was not searched; however, recent research has shown that for systematic reviews of the effects of therapeutic interventions, gains from searching sources beyond PubMed, and from searching Embase in particular, may be modest. 65 Second, the included studies were variable in terms of study designs, and definitions of 5-ASA exposure. We investigated sources of heterogeneity conducting detailed subgroup analyses; however, the pooled effect estimates are still based on rather heterogeneous data and should be interpreted cautiously. Third, bias and confounding may always constitute an alternative explanation for the results. Twenty-one of the primary studies were controlled for confounders by matching or adjustments; however, control for different factors among the studies may also explain the heterogeneity observed. In any event, the possibility of residual confounding cannot be excluded, either from unknown or unmeasured factors, or from imperfectly controlled confounders. Finally, small-study effects or publication bias is another issue that may affect a meta-analysis. Our literature search was as inclusive as possible, and we did not exclude any study because of methodological characteristics or any subjective quality criteria. Nevertheless, we did not search for unpublished studies or for original data. Though visual inspection of the funnel plot did not reveal any clearly asymmetric pattern, the Begg's and the Egger's tests posed a strong suspicion of small-study effects. Thus, selective publication of smaller studies with statistically significant results may have occurred to some extent. Although our knowledge of the possible biological mechanisms underlying this association is rather incomplete, our results may be biologically plausible. A body of experimental data has demonstrated the ability of 5-ASA to inhibit pathways that sustain colon carcinogenesis; 66 thus, the potential protective effect of 5-ASA may extend beyond simply reducing colonic inflammation. For instance, mesalazine has been shown to interfere with colon cancer cell growth and survival, through negatively regulating the COX-2/PGE2 axis, 67, 68 inhibiting the EGFR, NF-jB and Wnt/b-catenin signalling, [69] [70] [71] [72] [73] activating PPAR-c in colorectal cancer cells, 74, 75 modulating cell cycle-related proteins, 76 and improving replication fidelity.
77
In conclusion, synthesis of the existing epidemiologic evidence supports the hypothesis that exposure to 5-ASA, at therapeutic doses, may significantly reduce the risk of developing colorectal neoplasia. This finding was confirmed particularly for UC patients, and for exposure to mesalazine; in contrast, we found no such evidence for CD patients, or any sulfasalazine-specific effect. Nevertheless, further research is warranted to confirm or refute these findings, and explore the association for critical issues, such as the dose and duration of drug exposure, or the extent and severity of the disease over time. Until further high-quality prospective research is available, this class of medications remains a strong, but as yet unproven, candidate for colorectal cancer chemoprevention.
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